8. What is the material used for hydraulic tubing that 
to intense heat? 


9. What type of line is used to connect moving parts? 


6us government printino OFri^j - -?46-01B/l6 ! »3l Ration ,V'. 


28 




NOVEMBER 1984 
























id on you being safety conscious at all times. It is the 
insibility of all Navy and Marine Corps personnel to prevent 
3ents. This can be done if everyone develops and practices 
:ientious safety habits and observes all precautions when 
irming maintenance of any type. Always remember: 


SAFETY CANNOT BE OVERSTRESSEDl11!I 


3 the Advanced First-Term Avionics Course (Class Al;. Ampl 
has been provided for all homework assignments and any 
ional notes you may desire. Remember that all homework is 
rORY. 

oook contains the following: 

ssignments necessary to accomplish the Unit II objectives. 
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81 
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82 
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84 


85 
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87 


88 



Second Day 


Class 

Lab 
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89 
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Physics 

90 

PN Junct 
(Laborat 

91 


92 

Junctior 

tors 
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94 
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99 
100 

2.8 Class 101 Biasing A: 

ments 
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Fourth Day 
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Class 113 Unit/Modu 
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Class 116 Decibels 

117 
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First Day 


Fifth Day 
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2.11 
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2.11 


Class 


121 


Feedback 

Amplifier 
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2. 13 

2.14 
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2. 15 

2.16 

Fourth 
2. 16 


125 

126 

127 

128 


Day 

Class 129 Tr; 

Cot 

130 

131 

132 

Class 133 Spe 

134 

135 

136 


Day 


Class 


Class 


Class 


137 

Spe 

138 


139 


140 


141 

Vac 


Fur 

142 


143 

Trj 

144 



Day 


Class 145 Tri 

146 
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148 

Class 149 Mul 

150 

151 

152 
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Written Exami 
tion 

154 

155 

156 
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UNIT LEARNING OBJECTIVES 


TERMINAL OBJECTIVES 

1.0 SOLVE problems related to electronic circuits, ui 

mathematics, algebra, and trigonometry. A formu: 
trigonometric tables, and a universal Time Const* 
will be provided. Performance must be in accord* 
mathematical principles outlined in " Mathematics , 
NAVPERS 10069-series, " Mathematics ," Vol. Ill, Ni 
10073-series, " Basic Electronics" , ^ Vol. I, NAVPEI 
series, and " Basic Electricity ," NAVPERS 10086-s* 
Performance will be measured by a written multip! 
examination. 

2.0 ANALYZE the internal structure and operation of i 

conductor junctions by tracing majority and minoa 
current flow through a given semiconductor device 
accordance with quantum mechanical principles oui 
" Basic Electronics ," Vol. I, NAVPERS 10087-seriej 
" Aviation Electronics Technician 3 & 2 , " NAVEDTRj 
series. Performance will be measured by a writt( 
multiple-choice examination • 

3.0 Mathematically ANALYZE the operation of given ba: 

conductor circuits by solving problems in terms < 
current, reactance, and frequency. A formula she 
provided. Responses must be in accordance with 1 
Electronics , 11 Vol. I, NAVPERS 10087-series, and ] 
wi lT be measured by a written multiple-choice ex« 

4.0 ANALYZE the internal structure and operation of ’ 

circuits by identifying elements and their funct. 
solving problems in terms of voltage, current re: 
and biasing. Responses must be in accordance wi- 
information outlined in " Basic Electronics , “ Vol 
NAVPERS 10087-series. Performance wi11 be measu: 
written multiple-choice examination. A formula : 
be provided. 

ENABLING OBJECTIVES 

1.1 SOLVE problems involving addition, subtraction, j 

tion, and division of radicals and exponents, us. 
laws of exponents. Response must be in accordant 
"Mathematics," Vol. I, NAVPERS 10069-series. Pe: 
will be measur d bv a written ultio e-ch ice ex< 


n iuilliuxa slice u waax uc ^iuvxucu • 


1.3 SOLVE for the variables in simultaneous linear eque 
using the principles of matrix algebra. Responses 
in accordance with " Mathematics , 11 Vol. Ill, NAVPERS 
series. Performance will be measured by a written 
multiple-choice examination. A formula sheet will 
provided. 

1.4 SOLVE for total capacitance, RC time, current, and 
values of a simple RC switching circuit. Response 
in accordance with " Basic Electricity ," NAVPERS 10< 
series. Performance will be measured by a written 
multiple-choice examination. A formula sheet and < 
Universal Time Constant chart will be provided. 

1.5 SOLVE for total inductance, L/R time, current, and 
values of a simple L/R switching circuit. Respons< 
in accordance with " Basic Electricity ," NAVPERS 10' 
series. Performance will be measured by a written 
multiple-choice examination. A formula sheet and . 
Universal Time Constant Chart will be provided. 

1.6 SOLVE for unknown current, voltage, and resistance 
of electronic circuits containing source character 
and voltage dividers. Response must be in accordai 
" Basic Electricity ," NAVPERS 10086-series. Perfon 
will be measured by a written multiple-choice exam 
A formula sheet will be provided. 

1.7 SOLVE for unknown values of current, voltage, reac 
and power in series and parallel a-c circuits. Re 
must be in accordance with " Basic Electricity , 11 NA 
10086-series. Performance will be measured by a w 
multiple-choice examination. A formula sheet and 
onometric tables will be provided. 

1.8 SOLVE for unknown values of current, voltage, reac 
frequency, bandwidth, m and circuit "Q", in series 
parallel resonant circuits. Response will be in a 
with " Basic Electronics /" Vol. I, NAVPERS 10087-se 
Performance will be measured by a written multiple 
examination. A formula sheet and trigonometric ta 
be provided. 


series. Performance will be measured by a written 
multiple-choice examination. 

SELECT, from given lists, correct statements related t 
properties of heat, sound, cryogenics, and the electro 
magnetic spectrum. Responses must be in accordance wi 
" Aviation Electronics Technician 3 & 2 ," NAVEDTRA 1031 
series. Performance will be measured by a written 
multiple-choice examination. 

DETERMINE normal biasing polarities of semiconductor 
junctions by ANALYZING majority and minority current 
through a given semiconductor circuit. Responses must 
in accordance with quantum principles outlined in "Bas 
Electronics ," Vol. 1/ NAVPERS 10087-series. Performan 
will be measured by a written multiple-choice examinat 

DETERMINE biasing arrangements of semiconductor circui 
by SOLVING problems in terms of voltage, current, 
reactance, and frequency. Responses must be in accord 
with " Basic Electronics ," Vol. I, NAVPERS 10087-series 
Performance will be measured by a written multiple-chc 
examination. A formula sheet will be provided. 

DETERMINE capabilities, electrical characteristics, 
advantages and disadvantages of given semiconductor 
circuits by SOLVING problems in terms of voltage, curr 
reactance, and frequency. Responses must be in accord 
with " Basic Electronics , 11 Vol. I, NAVPERS 10087-series 
formula sheet will be provided. 

COMPUTE decibel gain and loss in terms of the voltage 
power of a given semiconductor amplifier circuit. 
Responses must be in accordance with " Basic Electronic 
Vol. 1/ NAVPERS 10087-series. A formula sheet will be 
vided. Performance will be measured by a multiple-chc 
examination. 

BUILD basic semiconductor amplifier circuits (under st 
vision). MEASURE values and RECORD measurements, calc 
tions, and evaluations on a job sheet, given necessary 
equipment and an RCA 6F16 transistor trainer. Accurac 
will be measured in accordance with information contai 
in "Basic Electronics," Vol. I, NAVPERS 10087-series. 
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SOLVE problems in terms of voltage, current, resistanci 
biasing, using vacuum-tube formulas and tube constants 
Responses must be in accordance with information outlii 
in " Basic Electronics , 11 Vol. 1, NAVPERS 10087-series. 
Performance will be measured by a written multiple-cho: 
examination. A formula sheet will be provided. 
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The purpose of this assignment sheet is to familiarize yoi 

various aspects of series resonant circuits. Considerate 

given to both an operational analysis and mathematical an. 

well as certain characteristics unique to these circuits. 

LESSON TOPIC LEARNING OBJECTIVES 

1.8.1. SELECT, from a list of circuit conditions, those 
to a series resonant circuit. 

1.8.2. SOLVE, given a series circuit with specified valu. 
inductance and capacitance, for the resonant freq 

1.8.3. SOLVE, given a series resonant circuit with speci 
values of capacitance and the resonant frequency, 
value of inductance. 

1.8.4. SOLVE, given a series resonant circuit with speci 
values of inductance and the resonant frequency, 
value of capacitance. 

1.8.5. SOLVE, given a series resonant circuit with speci 
values of X^, Xq, R and Fq, for the series resona 
functions of Q, BW, f^, f 2 * 

1.8.6. SOLVE, given a series resonant circuit with speci 
values of Xl, Xq, R and E a , for E c , E L , and E r . 

1.8.7. SELECT, from a list provided, circuit characteris 
and below resonance. 

1.8.8. IDENTIFY and LABE.l frequency response curves to i 

a. An impedance response curve of a series circu 

b. A current response curve of a series resonant 

c * z min' ^-max* *fl' I f2* z f2 • 

SOLVE, for series resonant circuit functions, P a , 
Pf, using specified values of current, voltage, a 
resistance . 


1 .8.9. 


j. » une ievutsL uesxue eaun uuuuiliuii iisLeu u«xu' 

applies to a series resonant circuit. 


a. Z is minimum g. 

b. p t is greater than P a . h. 

c. X L = X c i. 

d. I is minimum. j. 

e. P. F. = 1 k. 

f. Phase angle * 0°. 


I is maximum 
Phase Angle i: 
Z = R 

Z is maximum. 
Pt - Pa 


2. What is the resonant frequency of the circuit below 


L 2 !59pH 



L « 


What value of capacitance must be used with a .318 H coil 
have a series circuit resonant to 95 kHz? 


C « 


following results in a series resonant circuit. 


App 

fre 


Results 
Xl becomes Xy 

Circuit appears capacitive and 
resistive to the source. 



X c -244ft 


0 * 
BW = 

fl “ 
^2 - 
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A series resonant circuit that has a high L to C ! 
_ circuit 0 and a _ bant 


Laoei tne impedance response curve or a series resonar 
circuit. 


b. Label the current response curve of a series resonant 
circuit 

c. Fill in each blank with the letter which represents th 
corresponding point on the proper graph. 










INTRODUCTION 


The purpose of this assignment sheet is to familiarize yo 
various aspects of parallel resonant circuits. Considers 
be given to both an operational analysis and mathematical 
as well as certain characteristics unique to these circui 

LESSON TOPIC LEARNING OBJECTIVES 

1.8.10. SELECT, from a list provided, the correct functi< 
I line i n a parallel resonant circuit. 

1.8.11. SELECT, from a list provided, the condition of I { 
parallel circuit at resonance. 

1.8.12. SOLVE, given specified values of L and C, for th< 
frequency. 

1.8.13. SOLVE, given the values of R, X^, Xl, and E a , fo: 
correct values of Q, Z, I^ ne , and I c i rc . 

1.8.14. SELECT, from a given list, the correct purpose o 
swamping resistor in a parallel resonant circuit 

1.8.15. SELECT, from a list provided, circuit character!: 
above and below resonance. 

1.8.16. IDENTIFY and LABEL the following on given frequei 
response curves: 

a. The impedance response curve of a parallel n 
cirouit. 

b. The current response curve of a parallel rest 
circuit. 

c. The following points indicated on the curves 

(1) z max 

(2) Imin 

(3) Ifi and I f2 

(4) Zfi and Zf 2 

1.8.17. SOLVE, for the parallel resonant circuit functio: 
and Pf using specified values of E a pp and Iii ne « 


When a parallel circuit is operating at its resonant frequ 

I circ is _ . — __ and J Une 

(min imum/ maximum) 


minimum/maximum, 


Solve for the resonant frequency of the circuit below. 




Solve for the bandwidth of a parallel resonant circuit/ u 
the following information: F Q = 1500 kHz, X L - 2400 /+90 
ohms, R - 8 /0 0 ohms. 


What is the characteristic impedance of a parallel circuit 

a. at the resonant frequency? ____ 

b. below the resonant frequency? __ 

c. above the resonant frequency? __ 



the material covered in the physics overview lesson. 

LESSON TOPIC LEARNING OBJECTIVES 

2.2.1. SELECT, from a list provided, the three forms in 
matter can exist. 

2.2.2. SELECT, from a list provided, the definition of 

2.2.3. SELECT, from a list provided, the definition of 

2.2.4. SELECT, from a list provided, the definition of 

2.2.5. SELECT, from a list provided, the definition of 

2.2.6. SELECT, from a list provided, the relationship t 
between energy and matter. 

2.2.7. SELECT, from a list provided, the definition of 

2.2.8. SELECT, from a list provided, the definition of 

conductivity. 

2.2.9. SELECT, from a given list, the definition of sou 

2.2.10. SELECT, from a given list, the definition of fre 

2.2.11. SELECT, from a given list, the definition of the 

spectrum. 

2.2.12. SELECT, from a given list, the definition of hea 

2.2.13. SELECT, from a given list, the definition of tern 

2.2.14. SELECT, from a given list, the six sources of he 

2.2.15. MATCH, given a list of definitions, the terms Br 
Thermal Unit, calorie, and Calorie. 

2.2.16. MATCH, given a list of definitions, the terms co 
convection, and radiation with their respective 
definitions. 


2. State the definition of cohesion. 

3. Define mass. 

4. State Newton's Law of Inertia. 

5. State the definition of adhesion. 

6. Give the definition of energy. 

7. List the two kinds of energy. 

8. State the relationship between matter and energ 

9. State the definition of cryogenics. 

10. Give the definition of absolute zero. 

11. Give the definition of superconductivity. 

12. What is the velocity of sound at sea level at 3 

13. Give the frequency range of the audio spectrum. 

14. Define light. 

15. Give the definition of the optical spectrum. 

16. Define heat. 
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b. Temperature is a measure of the ability of a mat 
contain heat. 

c. Temperature is a measure of the absorption or rc 
of heat by a material over a period of time. 

d. Temperature is a measure of the ability of a mat 
generate heat from contact with another material 

18. List the six sources of heat. 

1. 2. 3. 4. 


5 ._6._ 

19. Match the units of heat measurement in column A witl 
definitions in column B. 


A 


B 


(1) 

One 

B.T.U. 

(2) 

One 

Calorie 

(3) 

One 

Calorie 


a. The quantity c 
needed to rai£ 
temperature ol 
Kilogram of Wc 
Celsius (centi 
degree. 


b. The quantity c 
needed to rais 
temperature ol 
of water one I 
degree. 


c. The quantity c 
needed to rais 
temperature ol 
grams of watei 
Celsius (centj 
degree. 

d. The quantity c 
needed to raig 
temperature ol 
grams of wetei 
Fahrenheit dec 


20. Match each term in column A with its definition in 


Conduction 

a. 

Transfer of 1 
electron flo' 

Convection 

b. 

Transfer of 1 
motion of a 

Radiation 

c. 

Transfer of 1 
molecule to i 


d. 

Transfer of 1 
electromagne 


e. 

Transfer of 1 
mechanical m< 



The purpose of this assignment sheet is to familiarize yc 
various aspects of semiconductor physics and PN junction! 
Consideration will be given to the operational analysis c 
teristics of the unique characteristics of semiconductor 


LESSON TOPIC LEARNING OBJECTIVES 


2.1.1 MATCH# given a list, the terms molecule, elemet 
atom, with their respective definitions. 

2.1.2 NAME, given a diagram, three sub-atomic partic' 
atom. 

2.1.3 STATE the requirements for chemical stability c 

2.1.4 CALCULATE, given the correct formula, the maxin 
number of electrons in a specified energy shel.' 
atom. 

2.1.5 SELECT, given a list, the three types of bondir 
occurs between atoms. 

2.1.6 MATCH, given a list of definitions, the terms c 
semiconductor, and insulator with their respecl 
definitions. 

2.1.7 SELECT, from a given list, the requirements foj 
a valence electron into mobility. 

2.1.8 SELECT, from a given list, the definition of cc 
bonding. 

2.1.9 SELECT, from a given list, the number of valenc 
electrons in donor and acceptor atoms. 

2.1.10 STATE, in the space provided, which type of imj 
will produce N- or P- type materials, when add* 
silicon or germanium. 


z J • .5 

2. 3.4 

2.3.5 

2.3.6 

2. 3.7 

2.3.8 

2.3.9 

2 . 3.10 

2.3.11 


select, from a given list, tne dennition or 

SELECT, from a given list, why ions are prese 
junction of an unbiased PN junctions. 

DRAW, in the space provided, a PN junction, s 
potential barrier with its proper polarities. 

SELECT, from a given list, why the potential 
exists in a PN junction. 

SELECT, from a given list, the effect of incr 
decreasing the doping level on the width of t 
region. 

SELECT, from a given list, the effect of incr 
decreasing the doping level on the height of 
potential. 

SELECT, from a given list, the factor which p 
total recombination of holes and electrons wh 
junction is formed. 

DRAW, in the space provided, a forward biased 
junction, showing the source and list the efi 
forward bias has on the width of the depletic 

DRAW, in the space provided, the mil-spec syn 
diode and label the N material, P material, c 
cathode. 


1 fi 


c. molecule . 

d. atom. 

2. Substances made up of atoms of one kind are _ 

3. Substances made up of different kinds of atoms are ca 


4. An atom is neutral when the number of neutrons equals 
number of electrons. 

_ a. True 

______ b. False 

5. Group 11 elements have how many valence electrons? 

a. 1 

b. 2 

c. 3 

d. 4 

6. Which of the following "valence groups" are insulator 


a • 

4, 

5, 

6, and 

7 

b. 

3, 

4, 

5, and 

6 

c . 

1, 

2 / 

and 3 


d. 

5, 

6, 

7, and 

8 


7. Covalent bonding in germanium is a method of bonding 
the atoms share electrons, so that each one will have 
electrons in its valence shell. 

a. True 

b. False 

8. The "M" shell of an atom could have a maximum of how 
electrons? 

a. 2 

b. 6 

c. 32 

d. 18 


c • 3 
d. 4 


10. A germanium atom contains 

a. four protons. 

b. four valence electrons. 

c. six valence electrons. 

d. only two electron orbits. 

11. A normal atom is one which 

a. always has an atomic core with a charge of 

b. always has four valence electrons. 

c. has equal numbers of electrons and protons 

d. shares its electrons with other atoms. 

12. When atoms are held together by the sharing of 
electrons 

a. they form a covalent bond. 

b. they always form a diamond lattice structu 

c. the valence electrons are free to move awa 

d. each shared electron leaves a hole. 

13. When the temperature of an intrinsic semicondu 

a. the resistance of the semiconductor increa 

b. the heat decreases the energy of the atoms 

c. holes are created in the conductor band. 

d. the energy of the atom in increased. 

14. A hole is the vacancy created when 

a. an electron moves from the conductor band 
band. 

b. an atomic core moves. 

c. an electron breaks its covalent bond. 

d. a free electron is made to move by an appl 

15. The movement of a hole is brought about by the 

a. vacancy being filled by a free electron. 

b. vacancy being filled by a valence electron 
neighboring atom. 

c. movement of the atomic cores. 

d. atomic core changing from 1 +4 to a +5 cha 


d. must have only three valence electrons. 

The forbidden energy gap in semiconductors 

a. lies just below the valence band. 

b. lies just above the conduction band. 

c. lies between the valence band and the conduction band 

d. is the same as the valence band. 

In a P-type semiconductor 

a. the number of holes equals the number of free electro 

b. holes are the majority carriers. 

c. the forbidden energy gap is zero. 

d. the impurity is a donor impurity. 

In N-type germanium, the 

a. forbidden energy gap is greater than in N-type silico 

b. impurity has three valence electrons. 

c. number of holes equals the number of free electrons. 

d. holes are the minority carriers. 

The energy required to break a covalent bond in a 
semiconductor is 

a. equal to 1 eV. 

b. equal to the width of the forbidden gap. 

c. greater in germanium than in silicon. 

d. the same in germanium as in silicon. 

Current flow in a P-type semiconductor is 

a. mostly by the movement of free electrons. 

b. by majority carriers only. 

c. by minority carriers only. 

d. mostly by the movement of holes. 

In semiconductors, resistivity 

a. is the same as resistance 

b. depends on temperature. 

c. is the same as mobility. 

d. increases as conductivity increases. 
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c. charge per carrier. 

d. temperature and the regularity of the crystal 

24. The change in carrier concentration along the len 
semiconductor is called 

a. diffusion length. 

b. a concentration gradient. 

c. recombination rate. 

d. mobility. 

25. When a free electron is recaptured by a hole and 
hole# the process is called 

a. recombination. 

b. diffusion. 

c. thermal equilibrium. 

d. lifetime . 

26. The movement of charges from an area of high carr 
tration to an area of lower carrier concentration 


a. gradient. 

b. recombination. 

c. diffusion. 

d. lifetime. 


27. The movement of carriers by an applied voltage is 


a. drift current. 

b. diffusion current. 

c. mobility. 

d. concentration. 


28. Valence electrons are the electrons that take par 
covalent bond 


a. true 

b. false 

29. A semiconductor that is electrically neutral has 

a. no free charges. 

b. no majority carriers. 

c. equal amounts of positive and negative charge 

d. no minority carriers. 


O n. 


u • 


is cnen rree to move aoout. 


31. The potential barrier at a PN junction is due to th< 
on either side of the junction. These charges are 

a. majority carriers. 

b. minority carriers. 

c. both majority and minority carriers. 

d. fixed donor and acceptor ions. 

32. Holes diffuse from the P region to the N region bec« 

a. there is a greater concentration of holes in th< 

b. they are swept across the junction by the poten 
difference. 

c. the free electrons in the N region attract them 

d. none of these. 

33. If the junction current is zero, this means 

a. the potential barrier has disappeared. 

b. the number of holes diffusing from the P region 
number of electrons diffusing from the N region 

c. there are no carriers crossing the junction. 

d. the number of majority carriers crossing the ju: 
eguals the number of minority carriers crossing 
junction. 

34. The junction potential barrier offers opposition to 

a. holes in the P region. 

b. mobile electrons in the N region. 

c. minority carriers in both regions. 

d. majority carriers in both regions. 

35. Total recombination of all mobile carriers is preve 

a. covalent bonds in the depletion region. 

b. mobile carriers in the P-type material. 

c. mobile carriers in the N-type material. 

d. immobile carriers in the depletion region. 
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37. 


c. positive terminal to P-type material. 

When forward bias is increased, the potential barr 

a. lower. 

b. higher. 

c. wider. 

38. Amount of minority carrier flow depends on 

a. potential of reverse bias. 

b. potential of forward bias. 

c. temperature. 

d. potential barrier height. 

39. The amount of reverse bias a PN junction can safel 
is limited by the 

a. width of the potential barrier. 

b. amount of power the device can handle. 

c. type material the device is made of. 

d. size of the external supply. 

40. On the schematic representation of the PN diode be 
element is the cathode? 
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When PN junctions are formed, what determines the width o 

depletion region? 

a. type of semiconductor material used 

b. physical size of semiconductor 

c. amount of impurities used in doping 

d. speed at which mobile carriers move 

Regarding bias, answer the following (underline the lette: 

the correct choice). 

a. A negative potential connected to the N material of d. 
forces the electrons toward/away from the junction. 

b. A negative potential applied to the P material of a d: 
forces the holes toward/away from the junction. 

c. For majority carrier conduction through a diode, forwi 
reverse bias is applied. 

d. The diode conducts when holes and electrons combine a 
near the junction. True/False 
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INTRODUCTION 


The purpose of this assignment sheet is to familiarize 
various aspects of junction transistors. Consideratic 
given to the characteristics of junction transistors e 
operational analysis. 


LESSON TOPIC LEARNING OBJECTIVES 


3.1.1 SELECT, from a given list, the three basic n 

transistor action. 


3.1.2 

3.1.3 


1.1.4 


3.1.5 

3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.2.6 


DRAW, in the space provided, the external ar 
current paths of a PNP and an NPN transistor 

DRAW, in the space provided, a schematic rep 
of PNP and an NPN transistor, labeling the t 
voltages and currents with the proper notati 

SELECT, from a given list, the correct termi 
and their relative magnitudes required to pr 
PNP or an NPN transistor. 

DEVELOP, equations showing the mathematical 
between 1^, Ig, and I B in a properly biased 

DRAW, in the space provided, the three basic 
circuit configurations. 

SELECT, from a given list, the characterise 
common-base amplifier. 

SELECT, from a given list, the characteristi 
common-collector amplifier. 

SELECT, from a given list, the characterise 
common-emitter amplifier. 

SELECT, from a given list, the main advantac 
advantages of each of the three configuratic 

SELECT, from a given list, the effect that 1 
the reverse current in a PN junction. 
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input signal. 


( QUESTIONS 

'/hat are the three basic mechanisms of transistor operation' 

_, _, and _. 

External current flows in/out the collector and in/out the 
snitter of an NPN-type transistor. 


Majority carriers in an NPN-type transistor are holes/elect: 
ind flow from emitter/collector to emitter/collector. 


rrom a schematic representation of a PNP transistor, how cai 
:he emitter element be identified? 


'/hat does the notation, Vgj? indicate? 


?or proper bias, what is the polarity relationship of the b- 
;o emitter in a PNP transistor? 


tfhat is the correct mathematical relationship of transistor 
currents ? 

a- Ic * E C + I B 

IB ® X C + X E 

-• I C - X C + X B 

X C ® X E + X B 


d. input resistance or common-base amp-Liner 


9. Match notations in "B" to column "A". 


Column A Column 


a ._B a • Vg 

b. _forward bias b. Vq 

c. _collector supply c. B 

d. _most positive element d. el 

of PNP transistors e. ho 

e. _majority carriers f. co 

in NPN transistor g. em 

f. _minority carriers h. Ig 

in PNP transistors 


10. What are the three different circuit configuration 
transistor can be employed in? 


and 


11. Which circuit configuration is capable of giving li 
current gain? 


12. In the PNP transistor, electrons flow 


a. into the transistor at the emitter and base le 

b. out of the transistor at the emitter and base 

c. into the transistor as the collector and base 

d. out of the transistor at the collector and bas 


13. The common-base current transfer ratio is the ratj 
Al_ 


AI e 


b 


AI B 

AI Fj 


c 


AX 

AX 


E 

C 


d 


AI 


C 


i. collector bias supply. 

collector bias supply less the voltage drop across the 
load resistor. 

[. collector bias supply plus the voltage drop across the 
load resistor. 

rhea a positive voltage signal is applied to the base of a 
tormally biased NPN common-emitter amplifier the 

: . emitter current decreases, 
i. collector voltage goes less positive. 

base current decreases. 

I. collector current decreases. 

ilpha cutoff frequency is where 

alpha becomes zero. 

>. output power is reduced to one-tenth of its original 
value. 

alpha becomes .707 its original value. 

1. punch-through occurs. 

f a transistor is operated at a frequency above the alpha 
■utoff frequency 

the transistor will burn out. 
i. there will be no output power. 

the emitter junction must be forward biased, 
the output current will be reduced. 


NTRODUCTION 


he purpose of this assignment sheet is to familiarize you 
arious aspects of biasing arrangements. Consideration wi. 
o both the operational analysis and mathematical analysis 
ertain characteristics unique to these circuits. 


ESSON TOPIC LEARNING OBJECTIVES 

.2.9. SELECT, from a given list, what establishes the oj 
point of a transistor amplifier. 

.2.10. CALCULATE, given a schematic diagram and circuit - 
operating point of a transistor amplifier. 

.2.11. CALCULATE, given a schematic diagram, circuit val' 
an input signal, the peak-to-peak amplitude of th> 
signal of a transistor amplifier. 

.2.12. SELECT, from a given list, the statement that des< 
effect of temperature changes on the operating po 
transistor amplifier. 

1.2.13. SELECT, from a given list, the definition of Ico' 
and IcEO' 

1.2.14. SELECT, from a given list, the need for bias stab 

1.2.15. SELECT, from a given list, the effect that bias s 
has on circuit gain (A v ). 

1.2.16. SELECT, from a given list, how circuit stability 
by the addition of an emitter resistor in the com 
amplifier. 

1.2.17. SELECT, from a given list, the effect on the comm 
amplifier's gain by the addition of an emitter by 
capacitor. 

1.2.18. SELECT, from a given list, the effect on the comm 
amplifier's stability when a voltage divider is u 
base circuit. 

1.2.19. SELECT, from a given list, the effect on the comm 
amplifier's stability when the collector is retur 
base. 


2. SELECT, from a given list, the statement that describes 
I C o has a minimum effect on the common-base amplifier. 

3. SELECT, from a given list, the effect a continually 
increasing junction temperature has on an unstabilized 
common-emitter amplifier. 

4. SELECT, from a given list, the statement that describes 
the common-collector amplifier has inherent temperature 
stability. 


2 - 

3 - 

-4 - 

5 - 

6 - 

7 - 

8 . 

* 

io. 


What effects are stabilized by tne aaaicj.ua < 
resistor? 

By what factor is IcBO increased in a ground* 
What is the purpose of bias stabilization? 


What are two factors that will cause an oper< 
amplifier's operating point to shift? 

What is the need for stabilization when a tr; 
replaced? 

List three methods of increasing the stabili 
emitter amplifier. 


Which amplifier configuration has the best s 


What advantage does a stabilized amplifier h. 
unstablized amplifier? 


What is the disadvantage of stabilizing an o; 
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RODUCTION 


purpose of this assignment sheet is to familiarize you with 
ious aspects of determining logarithms and their functions ir 
ermining the power of various circuits. i n this discussion v 
1 rind that this power is expressed in decibels. Considerate 
1 be given to the mathematical analysis of the power expressi 


SON TOPIC LEARNING OBJECTIVES 

.1. SELECT, from a given list, the definition of a bel. 

.2. SELECT, from a given list, the definition of a decibel. 

.3. SELECT, from a given list, the formula which expressed 

decibels in terms of input and output power. 

.4. SELECT, from a given list, the formula which expresses 

decibels in terms of input and output current. 

.5. SOLVE, given the input and output power, for the gain ir 

.6. SOLVE, given a power ratio, the decibel equivalent. 

.7. SOLVE, given the input power and decibel rating, for the 
output power. 

.8. SOLVE, given a voltage ratio, for the corresponding deci 
loss. 

.9. SOLVE, given the proper power waveform, the and pc 
with their proper decibel levels. 


DY QUESTIONS 

State the definition of a bel. 


d. 

36 

log 10 


Sta 

te the 

antilogs of 

the following logarithms. 

a . 

13. 

anti log 


b . 

.698 

ant i log 


c . 

6.3 3 

anti log 


d . 

2 . U 

anti log 


S ta 

te the 

formula for 

decibels in the terms of input 


power. 




Z 2 = 50 


State the correct reference (zero) levels for dB, 
i. dB 
). dBm 


dBV 

’he power at the point is how many dB below the 


dBm, and d 


power at 
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riiCiUHALft AMPLIFIERS 


INTRODUCTION 

The purpose of this assignment is to familiarize you with i 

various types and uses of feedback. Consideration will be 

both operational and mathematical analysis of the circuits. 

LESSON TOPIC LEARNING OBJECTIVES 

3.2.25. SELECT, from a given list, the characteristics of 
loop amplifier. 

3.2.26. SELECT, from a given list, the purpose of a closet 
amplifier system. 

3.2.27. SELECT, from a given list, the definitions for e^j 
Af, and e' out . 

3.2.28. SELECT, from a given list, the definition of reger 
feedback. 

3.2.29. SELECT, from a given list, the definition of deger 
feedback. 

3.2.30. SELECT, from a given list, the advantages of a clc 
feedback system over an open-loop system. 

3.2.31. CALCULATE, given a transistor amplifier circuit cc 
with component values, input signal voltages, and 
gain, ef, Af, and e' out . 

3.2.32. SELECT, from a given list, the effect that degenei 
or regenerative feedback has on the input signal. 

3.2.33. SELECT, from a given list, the definition of feedt 

3.2.34. CALCULATE, given a block diagram of the closed loc 
system with specific values, for the value of e'oi 
ef, and e. 

3.2.35. IDENTIFY, given a schematic diagram of a multistat 
sistor amplifier using feedback, for the class ant 
the feedback used. 



1. In a negative feedback system, the phase relationship 
the feedback voltage and the input voltage at mid-fre< 
would be 

a. zero. 

b. 90°. 

c. 180°. 

_d. 270°. 

2. In an amplifier, the effect on stage gain caused by n< 
voltage feedback is 

_a. increased buy constant gain over a wider rang* 

frequencies. 

_b. decreased but constant gain over a narrower r< 

frequencies. 

_c. decreased but constant gain over a wider rang< 

frequencies. 

_d. increased but variable gain over a narrower r< 

f requencies. 

3. What is the meaning of the expression "Beta e" 0 m- as < 
feedback? 

_a* A fraction of the output voltage used for feec 

_b. The portion of the voltage to be ignored. 

_ c * The part of the output voltage appearing at tl 

collector. 

_<3. The equivalent of the base voltage. 

4. Which position of the switch shown in figure 1 would ] 
degenerative voltage feedback in the circuit? 

_a. A 

_b. B 

_c. Both A and B 

_d. Neither 

_e. C 

5. Why is the dgenerative feedback loop normally limited 
than two or three stages of amplification? 

Excessive gain reduction. 

Possibility of circuit oscillations. 
Insufficient amplitude of feedback voltage. 
Excessive reduction in maximum power output (< 
figure 1). 













_d. efk is equal -to Rp x Alp 


.e • The type of feedback is voltage feedback 



I 


Figure 2 


Using figure 3, select the correct statements. 


_a. The type of feedback is a-c voltage and a 

_b. The type of feedback is a-c voltage. 

_c. Beta is the ratio of to Rf+R^. 


_d. Beta is the ratio of R^ to R £ + r e 


_e • Cj? is to prevent regeneration 



Figure 3 








FIGURE 5 
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le stage of amplification is seldom enough to raise the arr 
signal to the required level. The methods of coupling us 
altistage amplifier depends upon many variables. Each met 
5upling has its advantages and disadvantages. One method 
.11 need to concern ourselves with is the direct-coupled n 
lis assignment sheet is also a self-check to test your und 
: operational amplifiers and their uses. It is essential 
chnicians have a working knowledge of direct coupling and 
la racteristics and operation of the op-amp. 


:sson 


TOPIC 


LEARNING 


OBJECTIVES 


2.36. SELECT, from a given list, the reason why coupling 
capacitors are not used in direct-coupled amplifie 

2.37. SELECT, from a given list, the major advantages of 
coupling. 

2.38. SELECT, from a given list, the reason why componen 
for direct coupling must be carefully chosen. 

2.39. SELECT, from a given list, the reason for using cc 
connected transistors. 

2.40. SELECT, from a given list, the purpose of the bale 
differential amplifier. 

2.41. SELECT, from a given list, the desirable character 
a balanced differential amplifier. 

2.42. SELECT, from a given list, the definition of an oj 
amplifier. 

2.43. SOLVE, for the output voltage of an op-amp when gi 
input voltage, feedback impedance, and input imped 

2.44. SELECT, the standard symbol for a differential amf 

2.45. SELECT, the correct statement that describes the c 
differential amplifier. 

2.46. COMPUTE, the output of a differential amplifier w> 
a schematic diagram, component values, and input \ 


Qj O 


rrequeiiLy 

. Complicated circuitry 
. Expensive to construct 

Direct-coupled amplifiers are normally used when 

a. large signal inputs are used 

b. high frequencies are applied to.the circuit 

c. when a narrow bandwidth is required 

d. amplification of direct current (zero frequency 
required 

What type of compound connected circuit allows almc 
current gain? 

a. Complementary symmetry 

b. Common-emitter cofiguration 

c. Common-base configuration 

d. Common-collector configuration 

Write the definition of an operational amplifier* 


Describe the relative amplitude of the voltage dev 
the summation junction of an op-amp. 


Describe the output of a summing amp. 



feedback paths. 


Calculate the output voltage of a differential amplifier 
input resistors are 10 kohms, the feedback is 5 kohms, ar 
input voltages are both 2Vd-c. 


_va-c 

What happens to the gain of a basic op-amp if the input 1 
is increased in value? 


Describe the open-loop gain and the closed-loop gain in < 
amp. 

Open-loop gain __ 

Closed-loop gain ___ 

State several applications of op-amps. _ 


If the input resistor and feedback resistor are both equ« 
1 megohm/ what is the gain of the circuit? 

If Rf is increased/ what happens to gain of the stage? 


Find E 0 in the circuit below. 


Where: 

R in ~ 1*5 Megohm 
Rf = 1 Megohm 
Ei n = 4.5.V 



DUCTION 


UV- A iWM . . . 

„„ <* -SS 1 ; 

„al to the required l® vel 'n^Lv variables. Each method 
stage amplifier depends upon sad vantages. The method thai 
ing has its advantages “« d i s transformer coupling. 

need to ooncern °^?®^ilns have a working knowledge of t 
tial that we as technicians 

of coupling. 


IN TOPIC LEARNING OBJECTIVES 


-- _ . 

i „ Hof the major advantage of tra 
t7. SELECT, from a given lrs , 

coupling 


fhe major disadvantage of 

\Q. SELECT, from a given list, 
former coupling 


. n B f the losses incurred in tr 

19, SELECT, from a given lis , 
cirouits. 


• Ho* orovided, the definitions 

«■ 10...'. copper .. “» 

leakage 


il. CALCULATE, given a transformer and specifi 
E x . I p , I s , Zp. a nd z e- 


£»V # “fci ' & , , . 

. n B 4. the characteristics whicl 

• SfSii.'SS ;.3 fSioci *•««»■• ° f * 


c. Poor power gain 

d. Large size 

2. An iron-core transformer is connected to a 115 volt sour' 
draws 38.6 inA of current. The output voltage is 230 vol 
18.9 mA. The transformers efficiency is 

a. 10.2%, 

b. 50%. 

c. 95%. 

d. 98%. 

3. A transformer loss that is NOT heat, but which decreases 
former efficiency is 

a. eddy currents. 

b. copper loss. 

c. flux leakage. 

. Which of the following helps reduce eddy currents in a t 
core? 

a. Use of high-permeability, low-retentivity cores 

b. Use of laminated or powdered-iron cores 

c. Use of shell or core type transformers 

d. Use of low-reluctance paths for flux 

5. If 386 volts is measured across the secondary of a trans 
whose turns ratios 1:5.15, how much voltage is applied ti 
primary winding? 

a. 51.5 volts 

b. 75.0 volts 

c. 19.9 volts 

d. 76.5 volts 

6. The turns ratio is required to match a 10 ohm speaker to 
source impedance is 


a. 1:1. 

b. 60:1. 

c. 6:1. 

d. 38:1. 


INTRODUCTION 


The purpose of this assignment sheet is to familiarize y 
various types of special transistor devices that you as 
tronic technician will encounter. Consideration will be 
to the operational characteristics as well as the inner 
the devices studied. 


LESSON TOPIC LEARNING OBJECTIVES 

3.2.53. SELECT, from a given list, the advantages of a 
compared to a bipolar device. 

3.2.54. IDENTIFY, given the mil-spec symbol for a 'JFET, 
drain and source. 

3.2.55. SELECT, from a list of statements, the effect c 
area and drain current for an input signal pole 
N- or P-channel JFET. 

3.2.5G. LABEL, given the mil-spec symbol for an N-chann 
P-channel JFET, the biasing polarities required 
drain, gate and the source for normal operatior 

3.2.57. LABEL, given the mil-spec symbol for an N- or l 
enhancement MOSFET, for the bias polarities rec 
gate, drain, and source for normal operation. 

3.2.58. SELECT, from a list of statements, for the eff€ 

channel area and drain current for a given inpi 

polarity on the N- or P-channel enhancement MOS 

3.2.59. IABEL, given the mil-spec symbol for an N- or 1 
depletion MOSFET, for the bias polarities.regu: 
gate, drain, and source for normal operation. 

3.2.60. SELECT, from a list of statements, for the eff< 

channel area and drain current for a given inpi 

polarity on an N- or P-channel depletion MOSFE' 

3.2.61. SELECT, from a given list, the difference in d< 
for a zener and a normal PN junction diode. 

3.2.62. SELECT, from a given list, the characteristi 
mine the breakdown voltage on a zener diode. 


SCR. 


>. LABEL, on a given diagram, the anode, cathode, and the g 
of an SCR with the polarities needed for proper operatio 

j. SELECT, from a given list of statements, the one which b 
describes the difference between a Silicon Controlled 
Rectifier and a Shockley diode. 

K LABEL, on a given diagram, B^, B 2 the emitter, and the 
proper polarities for normal operation of the Unijunctio 
Transistor. 

3. CALCULATE, given a diagram of a UJT with interbase volta 
and intrinsic standoff ratio, for the firing potential. 


QUESTIONS 

le JFET differs from the bipolar transistor in that it 

. has unipolar majority carriers. 

. is a voltage controlled device. 

. resembles a pentode vacuum tube. 

. utilizes a forward-biased PN junction for control of 
unipolar carriers. 

lat polarities of bias voltage would be applied tc a'JFET's 
ite and drain for an N-channel? A P-channel? 


3 the gate voltage is increased in a 'JFET, what happens to t 
spletion region and drain ourrent? 


5. 


List some of the advantages of the JPET. 


6 . What polarities of bias voltage would be applied to an 
ment MOSFET's gate and drain for an N-channel? A P-ch 


7. What is the major difference between a ’JPET and enhance 
MOSPET in respect to biasing? 


8 . The zener diode operates on 

a. majority carriers and is normally forward biased. 

b. majority carriers and is normally reverse biased. 

c. minority carriers and is normally forward biased. 

d. minority carriers and is normally reverse biased. 

9. The impedance of a PNPN diode prior to breakdown is 

a. .low because of change multiplication. 

b. high because of an internal reverse-biased junctic 

c. low because of two forward-biased junctions. 

d. high because of a small value of minority current 

10. In the basic SCR, the gate can/cannot initiate turn—o: 

11. In the SCR, after breakover, 

a. current flow is equal to and is constant. 

b. load current is limited by load resistance. 

c. load current is equal to the gate current. 

d. .load voltage is equal to the voltage across the Si 

e. the SCR cannot be commutated. 



various aspects of vacuum tube fundamentals. Consid 
given to both the operational characteristics as wel 
matical analysis of the circuits. 


LESSON TOPIC LEARNING OBJECTIVES 

4.1.1. SELECT, from the list provided, the four typ 
tube emission. 

4.1.2. MATCH, from the list provided, the component 
vacuum tube with their functions. 

4.1.3. SELECT, from the list provided, the definiti 
Charge." 

4.1.4. SELECT, from the list provided, for the outp 
a given vacuum tube diode register circuit. 


a. The plate 

b. The filament 

c. The control grid 

d. The cathode 

2. Which tube element is normally used for heat dissipat 

a. The filaments 

b. The envelope 

c . The plate 

d . The cathode 

3. Which type of emission is the most commonly used? 

a. Cold cathode 

b. Thermonic 
c . Secondary 

d. Photoelectric 

4. From the list below, select the correct statement(s) 
the SPACE CHARGE. 

a. It is a space between two or more charged parties 

b. It is a cloud of electrons. 

c. It is never depleted to zero. 

d. It exists in vacuum tubes which use thermal emiss 

e. It limits the number of electrons being emitted ; 
cathode. 

f. It may also be known as the VIRTUAL CATHODE. 

g. It is a cloud of holes. 

5. What are the two methods of heating the cathode? 

a. and • 
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Define plate saturation. 



Qj O 






The purpose of this assignment sheet is to familiarize 
various aspects of triode vacuum tubes. Consideration 
to both the operational analysis and the mathematical a 
well as certain characteristics unique to triode vacuum 

LESSON TOPIC LEARNING OBJECTIVES 

4.2.1 SELECT, from a given list, the statement which 
the placement of the control grid in a triode \ 

4.2.2 SELECT, from a given list, the statement which 
the effect on plat current for given changes ir 
voltage. 

4.2.3 SELECT, from a given list, the definition for n 
r p- 

4.2.4 SELECT, given the schematic diagram of a triode 
circuit, component values, and an E^ - 1^ graph 
line, the correct values of plate current for c 
grid voltage. 

4.2.5 DETERMINE, given an E b - *b graph with a load ] 
change in plate current for given changes in gr 


4.2.6 


MATCH, given a list of vacuum tube circuit note 
notation with its proper definition. 


tetrode. 
pentode. 
triode. 
variable mu. 

ich electrostatic field, in a triode, has the greatest effec 
tube current? The field between the 

screen grid and plate, 
control grid and plate, 
control grid and cathode, 
cathode and filament. 


c plate voltage is designated by the circuit notation 


L b 

e b 

e P 


1 tube element voltages are measured with respect to the 
plate. 

control grid, 
cathode. 
supply voltage. 


lect, from the list below, the definition of bias. 

The a-c difference of potential applied to the control gri 
The d-c difference of potential between the control grid 
and plate 

The d-c difference of potential between the control grid 
and the cathode 

The d-c difference of potential between the cathode and th 
plate 


e term ij (mu) is used to express 

transconductance. 
a-c plate resistance, 
d-c plate resistance, 
amplification factor. 


. ueuwijeu yiiu wiuayc ctwu yiiu uuucuui 

c. between grid voltage and plate current. 

d. plate voltage and grid current. 


8. Which statement is true relative to the position of tl 
load resistor in a triode amplifier circuit? It is c< 

a. parallel with the a-c plate resistance of the tuto< 

b. series with the a~c plate resistance of the tube. 

c. parallel with the plate supply voltage. 

d. series with the grid resistor. 


9. What is the relationship of the three voltages found 
circuit of a triode amplifier? 


a. 

1! 

.C 

S3 

e *l 

+ E bb 

h. 

E *r, 

= E b 

- E bb 

c . 

E bb 

= Eb 

+ E R tl 

cl. 

E b = 

E *i. 

- E hb 


10. What two values must be known to construct a load lin< 


a. 

and E b. 


b. 

E bb and E I.. 


c. 

E I. and *b. 


d. 

E bb and E cc. 


11. In 
the 
the 

addition to determining 
dynamic transfer curve 
operating point of the 

the maximum amplitude of 
(DTC) may also be used ■ 
tube. 

a. 

True. 


b. 

False . 
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transconductance. 
voltage gain. 

interelectrode capacitance. 


b purpose of this assignment sheet is to familiarize you wit 
rious aspects of the multielement vacuum tubes. ConsideratJ 
given to the construction, operation and the characteristic 
ch type of vacuum tube. 

SSON TOPIC LEARNING OBJECTIVES 

2.7. SELECT, from a given list, the major disadvantage of t 
tetrode vacuum tube. 

2.8. SELECT, from a given list, the major advantage of the 
vacuum tube. 

2.9. SELECT, from a given list, the major advantage of the 
beam-power tube. 

2.10. MATCH, given a list of CRT elements and a list of eJ.er 
functions, each element with its function. 


"UDY QUESTIONS 

Select, from the list below, the correct statements conce: 

the tetrode. 

a. The screen grid is normally operated at a positive d-*< 
potential. 

b. The suppressor grid is normally operated at cathode 
potential. 

c. The tetrode has four elements. 

d. The tetrode has less interelectrode capacitance than 
triode . 

e. The tetrode haB less interelectrode capacitance than 
the pentode. 

f. The tetrode has a higher value of a-c plate resistanc 
the triode . 

g. The tetrode is capable of a larger voltage gain than 
triode. 

h. The tetrode has a wide operating range. 


3. Which of the items listed below is not an element of th 
pentode. 

a. Control grid, 
b . Buncher grid. 

c. Suppressor grid, 
d . Screen grid. 

4. Concerning the pentode, which of the items listed below 

a. The suppressor grid redues secondary emission 

b. The pentode has a lower value of interelectrode cap 
c . The pentode is capable of a higher voltage gain tha 

tetrode or triode 

d. The pentode has a wider operating range than the te 

5. Concerning the beam-power tube, the virtual suppressor 
located by the 

a. cathode. 

b. control grid. 

c. plate. 

d. beam-forming plates. 

6. Which item(s) listed below are not elements of a CRT? 

a. Accelerating anode. 

b. Buncher grid. 

c. Phosphor screen. 

d. Focusing anode. 

e. Deflection system. 

f. Suppressor grid. 

g. Aquadag coating. 

7. The electronic lens is used to concentrate the electron 
to light up the phosphor screen. 

a. True 

b. False 



u « apei lui. e wiuui. 

c. intensity. 

d. none of the above. 


9. The aquadag coating is used to 

a. prevent light from entering the back of the CR 1 

b. focus the electron beam. 

c. prevent secondary emission. 

d. prevent a negative charge from building up on 
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A. dB = lOlog(xo) £2 

Pi 


B. dB = 201 og(^o) / Z 1 

ei y z 2 


C. dB = 201og( io ) £2 2" 

ii y z i 


FEEDBACK AMPLIFIERS 
A. Af - 

1 - 0A V 


B. e c » e in + 3e' out * e in + e f 


C • 6 out — ^v e i-n = e in.^f *“ e e^v 

1 - 3A V 


OP-AMPS 


^1. 

A - E out = (Sin 2 Rs 2 ) + (- E ini 

5f 

B * E out “ e in R S 


TRANSPORMI’:R RELATIONSHIPS 

A. TR = ^ ^ = X s = fzT 

N « *3 i; VZ8 

B. (TR) 2 (Z s ) 

vacu um tuhk fundamentals 

A. l)-c Plate Resistance 
1 * R P = 

T b 

M. A-c: Plato Resistance 

l • r = Mb 
Mb 

TRf . ObhlS 

A. Ar.ipl i f: tea 1 . j,on Factor 
1 ' 1‘ = !l?h ~ ( r p) 


n. 


T rannoondue tnneo 




